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NON-SPECIFIC LYMPHOCYTE TRANSFORMATION IN VITRO 
BY NICKEL ACETATE 
A Pos IBLE SouRCE oF ERRORS IN LYMPHOCYTE 
TRANSFORMATION TEST (LTT) * 
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ABSTRACT 
Morphological and autoradiographic studies demonstrated that nickel acetate is a 
potent stimulant for the transformation of peripheral blood lymphocyes in vitro. 
Lymphocytes from 8 normal donors showed approximately the same response as 
lymphocytes from 3 nickel hypersensitive patients. It seems therefore probable, that 
the effect of metal ions on blood lymphocytes is non-specific. This is clearly important 
since the transformation of blood lymphocytes by some antigens can be used a~ an 
indicator of delayed hypersensitivity in vitro . 
Phytohemagglutinin (PHA), an extract of 
the red kidney bean (1), pokeweed mitogen 
(2), streptolysin S (3), chymotrypsin ( 4), and 
some other substances induce the transforma-
tion of blood lymphocytes in vitro into blast-
like cells. Several antigens such as tuberculin 
PPD (6- ) , tetanus toxoid (9), diphtheria 
toxoid (10), pollen extract (11), various tissue 
an6o-en (12), drugs (1-1--16), and bacterial and 
plant extracts (17-1 ) , have been shown to 
promote the tran formation of peripheral 
lymphocytes from donors sensitive to these 
ub tanccs. Thi~ can be used to detect delayed 
hypersensitivity in vitro (lymphocytic trans-
formation test, LTT). 
Tran formation of human lymphocytes in 
r pon e to metal ion such a mercuric 
chloride was recently reported (5). Aspegren 
and Ror man (13) ob:::served that lymphocytes 
from normal donors were transformed into blast 
lik cel l in the presence of nickel chloride as 
well a lymphocyte from nickel hypersensitive 
pati nt . 
That th rc pon~e to metal ion is non-specific 
is strono-ly sugge ted by the following experi-
ment u ino- nickel acetate as a stimulant. 
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MATERIALS AND METHODS 
Blood from 3 patients with generalized allergic 
contact eczema and nickel hypersensitivityt and 
8 normal donors was collected with heparin and 
allowed to stand at 37oC for two hours. The super-
natant plasma was witbdra·wn and the leukocyte 
concentration was determined. The sediment was 
resuspended in Medium TC 199 (Difco), contain-
ing 20% of the patient's own plasma. 
The samples were adjusted to approximately 
4 X 10° lymphocytes in 10 ml. The cultures were 
incubated with nickel acetate at the follov;'ing con-
centrations: 10 'Y, 20 "/, 30 "/,per ml culture. 
Two control culture were set up for each donor: 
one with PHA (4%) and one without any stimu-
lant. After incubation at 37oC for 5 days, one part 
of the samples was harvested, fixed with 1:3 
mixture of glacial acetic acid and absolu te metha-
nol and stain d follo~\·ing the Pappenheim method 
for light microscopy. The other part was incubated 
with tritiated thymidine (New England Nuclear, 
1 fJ.C per ml of culture; specific activity 2.0 Ci/mM) 
for one hour. Smears of the centrifuged cell de-
posit were fixed, coated with K2-emulsion, expo ed 
for 10 days and stained with hematoxylin and 
eosin. The number of background grains was 0.5 
grain per nucleus. Nuclei "·ith four or more grains 
IYere recorded as labeled. One thou and cells were 
counted per lide. 
RESULTS 
Blast-like cells were characterized by an 
increased cell size, the basophilic cytoplasm, the 
pre ence of a fine nuclear chromatin and the 
prominence of nucleoli. Table I shows the 
effect of nickel acetate on the transformation of 
lymphocytes and the incorporation of tritiated 
t For all patients the patch test with 5% nickel 
sulfate was highly positive ( ++!+++ ). 
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TABLE I 
Results of lymphocyte cultures in vitro 
Cell source Stimulant 
Blast-like Mitosis (HJ)-thymidine 
cells per per uptake 
thousand thousand per thousand 
Pat. Nr . 1 (Nickel-eczema) Nickel acetate 144 0 110 
PHA 680 42 500 
none 0 0 2 
Pat. Nr. 2 (Nickel-eczema) Nickel acetate 72 1 
PHA 680 40 none done 
none 0 0 
Pat. Nr. 3 (Nickel-eczema) Nickel acetate 98 0 70 
PHA 720 30 680 
none 0 0 0 
Control Nickel acetate 63 3 
PHA 700 42 none done 
none 0 0 
Control Nickel acetate 5 2 40 
PHA 630 50 491 
none 0 0 3 
Control Nickel acetate 79 10 
PHA 730 30 none done 
none 0 0 
Control Nickel acetate 82 9 68 
PHA 670 38 530 
none 0 0 0 
Control Nickel acetate 122 3 106 
PHA 610 35 58 
none 0 0 0 
Control Nickel acetate 91 1 70 
PHA 720 40 610 
no11e 0 0 0 
Control Nickel acetate 78 3 
PHA 690 50 none done 
none 0 0 
Control Nickel acetate 82 2 69 
PHA 690 30 49 
none 0 0 0 
thymidine. There is no significant difference 
between the stimulatory effect of nickel acetate 
on lymphocytes of normal donors and on 
lymphocytes of patients hypersensitive to nickel. 
The optimal concentration of nickel acetate 
was found to be 20 y with a transformation 
rate of 5.8-14 .4-o/o (PHA-cultures : 70.0o/o; con-
trol-cultures; Oo/o ) and an uptake of H3 
thymidine of 6.8-12.6% (PHA: 64.0%; con-
trols: 0.2%). No blastic transformation and 
only a minimal uptake of H3-thymidine was 
seen in control cultures. 
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DISCUSSION 
Pearmain et al. (6) and Schrek (7) were the 
first to demonstrate that tuberculin (PPD) 
transformed human blood lymphocytes from 
subjects with prior exposure to tuberculosis into 
bla t-like cells in vitro. The same effect was 
observed with other specific antigens when 
white cell from hypersensitive persons were 
cultured in the presence of the corresponding 
antigen (14-18). 
In the current study, blood lymphocytes 
from patients with allergic contact eczema and 
nickel hypersensitivity and from normal donors 
showed a remarkable response to nickel acetate. 
They transformed to blast-like cells, synthe-
sized DNA and proliferated. This finding con-
firms the observations of Aspegren and Rors-
man (13) who supposed that this reaction is 
possibly non-specific and that the nickel salt 
might have a direct mitogenic stimulatory 
effect on the lymphocytes. Other authors (5) 
found the same effect with mercuric nitrate, 
mercuric chloride, mercuric acetate and di-
bromoxymercurifluoresceine sodium. However, 
they were unable to demonstrate a mitogenic 
effect of nickel salts on peripheral lymphocytes 
u ing concentrations between 0.01-100 y per 
ml of culture fluid. Our findings indicate that 
the transformation of blood lymphocytes by 
several metal salts is non-specific. This seems 
to be an important source of error if the L TT 
should be applied a a detector of a delayed 
type hyper ensitiYity ( 1 , 19) . The mechanism 
of this effect of metal ions is not known. Fur-
ther xperiments should demonstrate whether 
alts of other metals, such as chromium, silver 
and zinc, have the same stimulatory effect on 
peripheral blood lymphocytes as nickel and 
m rcuric salt . 
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